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[57] ABSTRACT 
Molding composition comprising from 10 to 50 wt.% of 
the polycondensation product of an alkylene glycol or a 
mixture of the latter with up to 20 wt.% of 2,2'-bis(4 
hydroxycyclohexyl)propane or a halogenated deriva 
tive thereof, with an ethylenically unsaturated dicar 
boxylic acid and a saturated dicaboxylic acid, having a 
melting point of at least 60° C, an acid value of less than 
50 and a Gardner viscosity from Y to Z3, from 0.2 to 2 
wt.% of organic peroxide with a decomposition tem 
perature above 70" C, and an inert ?ller. The resulting 
molded articles are particularly useful in the electrical 
and electronic ?elds. 

....... .. 260/861 

260/75 UA X 

15 Claims, No Drawings 
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MOULDING COMPOSITIONS INCLUDING AN 
UNSATURATED POLYESTER 

The present invention concerns moulding composi 
tions including an unsaturated polyester and the 
moulded articles manufactured from the said composi 
tions. 

Unsaturated polyester resins consisting of the prod 
ucts of the polycondensation of unsaturated polybasic 
acids with polyvalent alcohols, in solution in styrene or 
another unsaturated liquid monomer, are known in the 
art. 
The said resins harden under the action of catalysts 

such as the organic peroxides, possibly used in conjuc 
tion with polymerization accelerants, such as, e.g., co 
balt naphthenate or octoate. 
The unsaturated polyester resins ?nd their main use 

in combination with reinforcers of a ?brous nature, for 
preparing manufactured articles commonly known as 
“reinforced plastics.” 
The reinforcers commonly used for the purpose are: 

asbestos, cotton, jute and especially glass, in ?bre or 
fabric form. 

Various methods for moulding reinforced unsatu 
rated polyester resins are known, which generally con 
sist of arranging ?brous reinforcer in a suitable mould 
into which the liquid resin containing the catalyst for 
hardening is poured, or else the said resin is sucked or 
injected into the mould. The resin is then hardened at 
high temperature, possibly under pressure. 
Examples of these methods are: direct compression 

moulding, moulding by suction and injection moulding. 
Also known is direct moulding with preforming, 

which consists of subjecting to moulding a “preform,” 
made of glass fibre impregnated with resin and formed 
by suction in a suitable chamber, and by thermal treat 
ment of the said deposited material in a current of air. 
These processes are somewhat onerous and to not 

allow high productivity of the moulded objects. The 
said moulded objects have, moreover, various undesir 
able characteristics, such as, for example, the smell of 
the unsaturated monomer used in the resin in combina 
tion with the product of polycondensation of the unsat 
urated polybasic acids with the polyhydroxy alcohols. 
Finally, there are various dif?culties in handling sub 
stances such as unsaturated polyester resins. 
The thermoplastic resins, unlike the thermosetting 

ones, are moulded with great ease and speed, in appara 
tus in which they are ?rst uniformly heated to ?uidity 
and then injected into a mould in which hardening takes 
place. 
The application of such a method to the thermoset 

ting resins involves having available moulding composi 
tions, comprising the thermosetting resin, a hardening 
catalyst, and the inert ?ller, possessing the following 
characteristics: 

stability in storage for long periods of time at ambient 
temperatures; 

ability to change into the ?uid state within tempera 
ture limits in which the phenomenae of premature 
cross-linking and hardening do not occur apprecia 
bly; 

ability to harden rapidly at temperatures higher than 
those necessary to ensure ?uidity of the mass. 

Preferably, these moulding compositions should be in 
the form of easily ?owing granules having no tendency 
to release dust. 
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2 
No moulding compositions, including an unsaturated 

polyester resin, possessing all the characteristics listed 
above are known. ' 

Moulding compositions have now been found includ 
ing an unsaturated polyester, a hardening catalyst and 
an inert ?ller, which are stable at ambient temperature, 
?uid within temperature limits in which premature 
cross-linking and hardening do not occur, and which 
harden rapidly at high temperatures. 
The said compositions, in ?owing granular form, free 

from the tendency to release dust, are converted into 
moulded articles, by known methods, including injec 
tion moulding, in the same way as thermoplastic materi 
als. 
The moulded articles thus obtained have an unusual 

combination of characteristics. 
Thus, the invention provides a moulding composition 

comprising: 
(a) from 10 to 50% by weight of an unsaturated polyes 
-ter consisting of the polycondensation product of a 
polyol substance selected from the group consisting 
of alkylene glycols and mixtures of the latter with up 
to 20 wt.% of 2,2'-bis (4-hydroxycyclohexyl) propane 
in its unsubstituted or halogenated form, with an 
ethylenically unsaturated dicarboxylic acid and a 
saturated dicarboxylic acid, said polycondensation 
product having the following characteristics: 
melting point (at the capillary) 260° C 
acid value (mg KOH/ g) <50 
Gardner viscosity (at 25° C in 60 wt.% solution in 

styrene) from U to Z2; 
(b) from 0.2 to 2 Wt.% of an organic peroxide having a 

decomposition temperature above 70° C; 
(c) one or more inert ?llers. 

In addition to the polycondensation product, the 
peroxide and the ?llers, the moulding composition may 
also contain small amounts of conventional additives, 
such as polymerization inhibitors, lubricants, dyes and 
pigments. 
The composition preferred for the objects of the 

present invention contains from 20 to 35% by weight of 
unsaturated polyester and from 0.5 to 1.8% by weight 
of organic peroxide. 

The Unsaturated Polyester 

As previously indicated, the unsaturated polyester 
useful for the objects of the present invention is the 
polycondensation product of a polyol substance, prefer 
ably an alkylene glycol, with a mixture of ethylenically 
unsaturated carboxylic acid and carboxylic acid free 
from ethylenic unsaturation. 
The preferred alkylene glycols are ethylene and 

propylene glycols. The polyol substance may also con 
sist of a mixture of alkylene glycol with up to 20 wt.% 
of 2,2’-bis(4-hydroxycyclohexyl)propane or a haloge 
nated derivative thereof. It should be noted that by 
halogenated derivatives of 2,2'-bis(4-hydroxycyclohex 
yl)propane are meant the chloro- and bromo-deriva 
tives, in the ring and/ or in the propane radical. 
The ethylenically unsaturated dicarboxylic acids are 

preferably chosen from maleic and fumaric acids and 
those free from ethylenical unsaturation are preferably 
chosen from phthalic, isophthalic and terephthalic 
acids. 
The unsaturated polyester which is preferred for the 

purposes of the present invention has general character 
istics in the following ranges of values: 

melting point: from 60° to 80° C 
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acid value: from 15 to 25 
Gardner viscosity: from W to Y 
In the preparation of the unsaturated polyester the 

reagents are placed in contact and polycondensed at 
elevated temperature, while removing the water which 
forms during the reaction, until the preselected acid 
value of the unsaturated polyester is reached. 
The molar ratio between the alkylene glycol and the 

bicarboxylic acids is generally from 1.05:1 to 1.1:1 and 
the molar ratio between the ethylenically unsaturated 
dicarboxylic acid and that free from ethylenical unsatu 
ration from 1:1 to 3:1. 
According to a preferred embodiment, operation is 

carried out at a temperature of from about 190° to about 
210° C, removing the water at atmospheric pressure 
until the acid value of the unsaturated polyester is from 
about 40 to about 50, and then at subatmospheric pres 
sure (for example 10-50 mmHg) until the desired acid 
value is reached. 

Particularly satisfactory results are obtained by poly 
condensing isophthalic acid, fumaric acid and propyle 
neglycol in molar ratios of l:3.0:4.4. 

The Organic Peroxides 

The organic peroxide has a decomposition tempera 
ture higher than 70° C and preferably higher than 120° 
C. 
Examples of organic peroxides suitable for the pur 

poses of the invention are: . 
dialkyl peroxides, such as di-tert-butyl peroxide; 
diaralkyl peroxides, such as dicumyl peroxide; 
cyclic peroxides, such as dibenzylidene diperoxide; 
peroxy-esters, such as tert-butyl peroxybenzoate and 

di-tert-butyl perphthalate; 
peroxides of the ketal type, e. g., that known commer 

cially as “Trigonox 17/40.” 
The latter is used in combination with known poly 

merization accelerants, such as the cobalt, manganese, 
cerium, nickel and iron salts of organic acids and partic 
ularly cobalt naphthenate and octoate. 

The Inert Fillers and the Other Constituents of the 
Moulding Composition 

The inert ?llers are preferably silica, calcium carbon 
ate, asbestos and glass ?bre. The latter is generally pres 
ent in the composition in amounts of from 10 to 55% by 
weight, preferably in the form of ?bres of the order of 
3-10 mm in length. 
The composition of the present invention generally 

contains from 20 to 500 ppm (with respect to the unsatu 
rated polyester) of one or more substances chosen from 
among those commonly used in the art to inhibit poly 
merization of the unsaturated polyester resins. 
These inhibitors may be chosen from a wide set of 

compounds, such as: quaternary ammonium salts, salts 
of amines, copper salts, nitrophenols, dihydric phenols 
and their alkyl derivatives. 
The moulding composition generally contains from 1 

to 3% by weight of a lubricant, preferably chosen from 
waxes, stearic acid and zinc, calcium and magnesium 
stearates. Further additives generally present in the 
composition are dyes and pigments. 

Preparation of the Moulding Composition 
The moulding composition of the present invention 

may be prepared in the followingway. All the compo 
nents except the glass ?bre are fed into a ball mill and 
ground to a grain size of the solid of less than about 100 
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4 
microns. Then the glass ?bre is added, the mass is ho 
mogenized in a powder mixer, operating in conditions 
such that the glass ?bre will not be broken, and'the 
homogenized mass is calendered, operating for times of 
the order of a few minutes and with roller temperatures 
not above about 100". C, until a sheet of thickness of the 
order of 1 mm is obtained. This latter is ground, e.g., in 
a hammer mill, and the resulting granules are sifted in 
order to separate the fraction having the desired grain 
size. A moulding composition, in the form of granules 
from 100 to 5000 microns, is thus obtained. Absence of 
particles with dimensions less than 100 microns is pref 
erable, or, at least, such particles should not exceed 5% 
by weight of the composition. 

According to another procedure, after homogeniza 
tion with the glass ?bres, the composition is extruded, 
and the granulate is obtained by means of “in-head 
cutting” of the extrudate. 
The composition is stable at ambient temperatures for 

a period of time greater than 3 months and generally up 
to 6 months, especially if kept in watertight bags, e.g., of 
polythene or polythene paper. Storage temperatures 
below the ambient temperature cause no damage. More 
over the said composition has no tendency to release 
dust. 
The compositions become ?uid and ?owing at tem 

peratures in the range of from 120° to 130° C and at 
these temperatures they have a “plastic life” or useful 
time for processing greater than 125 seconds up to 15 
minutes or more. 

Hardening occurs at a temperature of from 145° to 
180° C, in a time of the order of from 100 to 10 seconds. 
The data relating to the “plastic life” and to the hard 

ening speed were determined by means of the Era 
bender rheometer from Brabender Instruments Inc. 
More particularly the said rheometer comprises a cell 

with a device with rotors which can rotate at different 
speeds. 
The whole system is thermostatted. 
The moulding composition is fed into the cell. Under 

the action of the temperature and the friction of the 
rotors, the composition undergoes both physical and 
chemical changes. 
The resistance with which the composition opposes 

the action of the rotors, expressed as a turning moment 
in revolutions per minute, is measured and recorded as 
a function of time. 

It is thus possible to determine the softening, melting 
and hardening cycles of the composition under exami 
nation, obtaining useful data for injection moulding. 

Preparation of Moulded Articles 

Preparation of the moulded articles can be effected 
by normal methods of compression, transfer and injec 
tion moulding, using moulding cycles which are speedy 
and completely automatic. 

In direct compression moulding the mould can be 
?lled at pressure of from 12 to 250 Kg/cm2, especially 
depending on the geometry of the article with optimal 
moulding temperatures of from 145° to 165° C. 

In transfer moulding the best results are obtained 
with directly incorporated chamber moulds, with the 
feed heads as short as possible and with a single injec 
tion per cavity. Moulding temperatures are of the order 
of l45°—155° C. 
The best results are achieved by injection moulding 

in which the moulding composition is made fluid by 
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screw-type extrusion and then injected into the mould 
where it undergoes hardening. . 

In each case hardening occurs without generation of 
gaseous by-products. 
The resulting moulded articles have a great dimen 

sional stability at elevated temperature, exceptionally 
low shrinkage values, and excellent electrical properties 
which remain unchanged under different environmental 
conditions. 
The said moulded articles possess, moreover, good 

mechanical characteristics, very good resistance to 
chemical reagents, a low water absorption and can eas 
ily be coloured. 

In particular, the said moulded articles possess elec 
trical characteristics similar to those of conventional 
products used for the purpose, such as glass and ceram 
ics, the said characteristics being distinctly superior to 
those of products manufactured from thermosetting 
resins such as phenol, urea and melamine resins, and 
also to those manufactured from the usual thermoplastic 
resins. 
The manufactured articles of the present invention 

moreover, show distortion temperatures under load 
(Martens degree) clearly superior to those made from 
the conventional thermoplastic resins. 

In conclusion, the moulded articles of the present 
invention possess a whole collection of characteristics 
such as to render them useful in a wide range of applica 
tions and particularly for the construction of electrical 
and electronic equipment parts, such as: reels forcoils, 
boxes for low and medium tension switches, insulators 
in general, connector blocks, fairleads, terminals, han 
dles, insulating supports and fans for electric motors. 

EXAMPLE 

Preparation of the Unsaturated Polyester 

A ?ask ?tted with an agitator is charged with 166 
parts by weight of isophthalic acid, 348.2 parts by 
weight of fumaric acid and 355 parts by weight of 
propyleneglycol, the molar ratio between the reagents 
being equal to l:3.0:4.4. 
A current of nitrogen is caused to flow over the sur 

face and the reagents are melted by heating to 170°—l80° 
C. They are then heated to 200°-205° C, whilst the 
temperature is maintained at the swan neck at about 
105° C. The said temperatures are maintained until the 
acid value is of the order of 40-50. 
A subatmospheric pressure (20 mmHg) is then ap 

plied and the temperature is maintained at 200°-205° C 
until an acid value of the unsaturated polyester of less 
than 20 is reached. 

100 ppm of para-tert-butyl catechol are added, the 
mass is cooled and discharged. 
The unsaturated polyester thus obtained has the fol 

lowing characteristics: 
melting point: 62°~67° C 
acid value: 17.8 
Gardner viscosity: X+§. 
The melting point is determined at the capillary; the 

acid value is the number of milligrams of potassium 
hydroxide used to neutralize 1 gram of unsaturated 
polyester; the Gardner viscosity is determined at 25° C 
in a 60% solution by weight of the unsaturated polyes 
ter in styrene. 
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Preparation of the Moulding Composition 
A moulding composition including the unsaturated 

polyester thus obtained is prepared. 
In particular, the said composition is formed from: 
unsaturated polyester: 27.0% by weight 
tert-butyl-perbenzoate: 1.0% by weight 
silica: 5.0% by, weight , 
zinc stearate: 1.5% by weight 
calcium carbonate: 35.5% by weight 
glass ?bre (chopped strands): 30.0% by’weight 
The silica used is that known commercially as 

“Aerosil.” , 

The preparation of the composition is carried out in 
the following manner: 
all the components, excepting the glass ?bre, are fed 

into a ball mill and ground to a grain size of less than 
about 100 microns. 
Then the glass ?bre is added and the mass is homoge 

nized. 
The homogenized mass is calendered, working under 

the following conditions: 
?rst roller temperature: 100° C 
second roller temperature: 85° C 
speed of the two rollers: 20 revolutions/minute 
working time: 2 minutes 
thickness of the sheet produced: 1 mm. 
The sheets produced by calendering are ground in a 

hammer mill, having a net with a 5 mm mesh. 
The granulate obtained has the following characteris 

tics: 
apparent density: 750 g/l 
hardening time at 150° C: 90 seconds 
?ow index at 150° C: 3 seconds 
?uidity on a disc: 7.5 
stability in storage: more than three months 
grain size (micron): 4000, 2 — 5%; 1250, 60 - 63%; 

500, 25 ~ 27%; 250, 5 — 7%; 100, 3 - 4%; <l00, 3 
- 4%. 

Under the moulding conditions, the granulate does 
not adhere to the walls of the chromium plated moulds, 
and moreover it is not necessary to lubricate the said 
moulds. 

It should be noted that in the foregoing determina 
tions: 

the apparent density was determined in accordance 
with the DIN 53.468 standard; 

the hardening time was determined by introducing 
the composition into a bowl shaped mould of the UNI 
4272 type and putting it under a load of 5,000 kg., at a 
temperature of 150° C; the time in seconds elapsing 
between the closing of the mould and the formation of 
a bowl without surface defects (blisters) de?nes the 
hardening time; 

the ?ow index was determined by introducing the 
composition into a bowl shaped mould of the UNI 4272 
type, at the pre-?xed temperature of 150° C and apply 
ing a load of 5,800 kg by means of a hydraulic press; at 
the instant at which the needle of the manometer, con 
nected to the press, shows an increase in pressure, the 
chronometer is started; when the upper plane of the 
press has ?nished its descent, the chronometer is 
stopped; the intervening time, expressed in seconds, is 
the flow index; 

?uidity on a disc was determined by placing 50 grams 
of the composition at the centre of a disc-shaped mould, 
having a diameter of 32 cm and with 6 concentric cir 
cles drawn on the said mould; a pressure of 40,000 kg is 
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applied for 60 seconds operating at 150° C; the speed of 
closing of the press is at 0.3 cm/second; the ?uidity of 
the composition is expressed as the number of circles 
impressed on the disc; 

packing was estimated by placing 100 grams of the 
composition in a 250 ml beaker with a 66 mm inner 
diameter under a pressure of 15.1 g/cmz; after 45 days at 
38° C the composition is sifted through sieves of 20, 40 
and 50 mesh and the quantity of material remaining on 
each sieve as well as the consistency of the lumps is 
evaluated; the handling consistency of the lumps is 
expressed by the words: non friable, a little friable, 
friable. 

Characteristics of the Moulded Products 

Test bars are moulded, with dimensions 10 X 15 X 
120 mm, following UNI standards and under the fol 
lowing moulding conditions: 

temperature: 160° i 2° C 
pressure: 200 kg/cm2 
time: 90 seconds/mm thickness 
The following characteristics of the test pieces were 

determined: 
Bending strength: DIN 53452 (Kg/cm2):500 
Impact strenght: DIN 53453 (Kg.cm/cm2):4.2 
Impact strength with notch: DIN 

(Kg.cm/cm2):3.7 
Martens degree: DIN 53458 (° C):l20 
Shrinkage: DIN 53464 (%):0.61 
Post-shrinkage: DIN 53464 (%):0.05 
Water absorpion: DIN 53472 (mg):50 
Surface resistance: DIN 53482 (ohm):2.10l3 
Volume resistance: DIN 53482 (ohm.cm):2.l014 
Dissipation factor: DIN 53483 (tang 8):0.07 
Dielectric strength: DIN 53481 (KV/mm):5.6 
Tracking resistance: DIN 53480 (degree):KA3c 
Degree of incandescence: DIN 53459 (degree):2 
We claim: 
1. A granular molding composition suitable for injec 

tion molding comprising: 
(a) from 10 to 50% by weight of an unsaturated poly 

ester consisting of the polycondensation product of 
a polyol substance selected from the group consist 
ing of alkylene glycols and mixtures of the latter 
with up to 20 wt.% of 2,2'-bis(4-hydroxycyclohex 
yl)propane in its unsubstituted or halogenated 
form, with an ethylenically unsaturated dicarbox 
ylic acid and a saturated dicarboxylic acid, said 
polycondensation product having the following 
characteristics: 
melting point (at the capillary) 560° C 
acid value (mg.KOH/g) <50 
Gardner viscosity (at 25° C in 60 wt.% solution in 

styrene) from U to Z2; 
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(b) from 0.2 to 2 wt.% of an organic peroxide having 
a decomposition temperature above 70° C; 

(0) one or more inert ?llers. 
2. The molding composition of claim 1, which com 

prises from 20 to 35 wt.% of unsaturated polyester and 
from 0.5 to 1.8 wt.% of organic peroxide. 

3. The molding composition of claim 1, in which said 
unsaturated dicarboxylic acid is selected from the group 
consisting of maleic and fumaric acids. 

4. The molding composition of claim 1, in which said 
saturated dicarboxylic acid is selected from the group 
consisting of phthalic, isophthalic and terephthalic 
acids. 

5. The molding composition of claim 1, in which said 
alkylene glycol is ethylene glycol. 

6. The molding composition of claim 1, in which said 
alkylene glycol is propylene glycol. 

7. The molding composition of claim 1, in which the 
molar ratio between said unsaturated dicarboxylic acid 
and said saturated dicarboxylic acid is from 1:1 to 3:1. 

8. The molding composition of claim 1, in which said 
polycondensation product has the following character 
istics: 

melting point from 60° to 80° C; 
acid value from 15 to 25; 
Gardner viscosity from W to Y. 
9. The molding composition of claim 1, in which said 

organic peroxide has a decomposition temperature 
above 120° C. 

10. The molding composition of claim 1, in which 
said organic peroxide is selected from the group consist 
ing of dialkyl peroxides, diaralkyl peroxides, cyclic 
peroxides, peroxyesters and peroxides of the ketal type. 

11. The molding composition of claim 1, in which 
said organic peroxide is selected from the group consist 
ing of di-tert-butyl peroxide, dicumyl peroxide, diben 
zylidene diperoxide, tert-butyl peroxybenzoate and di 
tert-butyl perphthalate. 

12. The molding composition of claim 1, in which 
said inert ?ller is selected from the group consisting of 
silica, calcium carbonate, asbestos and glass ?bre. 

13. The molding composition of claim 1, which com 
prises from 10 to 55% by weight of glass ?bre as inert 
?ller. 

14. The molding composition of claim 1, which com 
prises from 20 to 500 ppm with respect to the unsatu 
rated polyester, of a polymerization inhibitor selected 
from the group consisting of quaternary ammonium 
salts, salts of amines, salts of copper, nitrophenols, dihy 
dric phenols and their alkyl derivatives. 

15. The molding composition of claim 1, which com 
prises from 1 to 3% by weight of a lubricant selected 
from the group consisting of waxes, stearic acid and 
stearates of zinc, calcium and magnesium. 
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